Amur cork tree was extracted in methanol with the purpose of investigating the most effective extraction procedure for detecting the chromophore using the GC-MS analysis. Different procedures of waterbath and hotplate extractions were carried out and five different GC-MS instrument parameters including the operating temperatures in the GC capillary column and the MSD scan range were tested for their efficiencies. Berberine was determined by the detection of dihydroberberine at 15.0 min r.t. Hotplate was a better device for extracting amur cork tree than waterbath shaker either with or without presoaking in the room temperature. Water was not an adequate extraction medium for the berberine detection. The most effective GC-MS parameter was Method 4; the initial temperature at 
I. Introduction
During the past few decades, land development across Korea has brought about a number of unplanned excavations of the burial sites of different historical origin. To the interest of textile conservators, some of the burial sites revealed quite a number of textiles which were either part of shrouds or coffin fillers. When these burial textiles are physically intact, they can become the valuable primary sources for understanding the past clothing culture. However, excavated textiles in most cases display various damages, and the extent and the type of damage not only limits their potential as the documentary source but also places difficulties in the conservation procedures which are necessary prior to the museum storage. The most readily observed damage in exhumed textiles is color fading, and in many cases the textiles exhibit indiscriminate shades of tan to brown without any clue to its original color. In order that the past clothing culture can be fully inferred through the exhumed textiles, dye identification in severely faded archaeological textiles is an important task among the museum conservators.
This research was part of a long term project for establishing a framework for the identification of dyes in badly faded archaeological textiles. Following madder and turmeric in the previous researches (Ahn & Obendorf, 2003 , 2006 , this paper deals with the investigation on the dye extracted from Amur Cork tree (Phellodendron ammurense R.). Amur cork tree is a deciduous tree in the family of Rutaceae and native to east and northeast Asia. Amur cork tree is called 'huang bai' in China and it has long been used in Chinese herbalism and also as source of yellow dye. The dye is present in the inner bark of amur cork tree and is called berberine ([C20H18NO4] + , 5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6-a]quinolizinium), which is an isoqinoline alkaloid (Budavari et al., 1996) (Fig. 1(a) ). The purpose of this research was to find the most effective extraction procedure of Amur cork tree and the suitable analytical method of gas chromatography mass spectrometry (GC-MS) which can together enable the affluent detection of berberine, a condition which is crucial for the future study on the simulated degradation of Amur Cork tree.
II. Literature Review
Different analytical approaches such as thin layer chromatography (TLC) (Schweppe, 1989) and high performance liquid chromatography (HPLC) (OrskaGawry et al., 2003) , or others have been used for the identification of natural dyestuffs in museum textiles. When the original color of the textile is still visible, the identification can be successful since the analyst can narrow down the possible standard dye based on the hue, and perform the adequate comparative analysis. However, when the original hue of the textile piece is absent, the possibility is open to all the available natural dyestuffs. And because the analyst is usually provided with a limited timeframe, the success of the identification or the analysis itself becomes a difficult challenge. Furthermore, since the color fading is the result of chemical change of the dye molecule via different oxidation reactions (Giles, 1965) , any attempt to detect an intact dye molecule using chemical analysis can be fruitless. Additionally, another cause of color fading of archaeological textiles is the staining of the textile from soil and the burial environment (Walton & Taylor, 1991) . As a result, the complex chemical mixture of the degraded dye molecule and the stain may prohibit a clear-cut comparison of the standard and the dye within the textile.
One way to solve the aforementioned problems is to analyze each possible dyestuff separately in a simulated degradation condition, and compile this data as the pool of standard dyes which can be used in the future as the database for the comparative analysis of museum textiles (Ahn & Obendorf, 2004) . In doing so, it is imperative that each natural dyestuff is extracted in an utmost and standardized way, which will enable the extraction and detection of major chromophoric substance. And it is also crucial that the extracted dye is analyzed by the analytical method which can be used not only for the intact chromophore itself but also for its degraded products which can be produced in the future degradation experiment. On the other hand, it was found in the previous research that the effectiveness of chromophore detection was variable depending upon the type of solvent and apparatus used in the extraction procedure and also on the GC-MS parameter (Ahn & Obendorf, 2003 , 2006 . This research focuses on the dye of Amur Cork tree in establishing and standardizing the most effective extraction procedure and the analytical method necessary for the future dye identification.
Some examples of research reporting the extraction methods of berberine from related plants are as follows. For medicinal purpose, Ong et al. (2000) used pressurized liquid method in which Coptidis rhizoma was packed into an extraction cell and extracted using methanol at high pressure and temperature above the boiling point. In the later research, Ong and Len (2003) used pressurized hot water method with the interest in reducing the usage of organic solvent and to cope with the thermal instability of the extract. Song et al. (2002) mainly used dipping of the powdered plant in water overnight when investigating the effectiveness of polarographic method in determining berberine in medicinal plant. The method usually used for preparing the dye liquor of Amur Cork tree is to repeat the extraction in boiling water several times, and use the mixture as the dyebath. For example, Nam (1999) recommended boiling the inner bark of Amur Cork tree in 60 o C water for 15 minutes, repeat the procedure four times and use the mixed solution for dyeing. On the other hand, So (1996) reported that the best color of amur cork yellow was observed by UV-VIS spectroscopy and Hunter Lab colorimeter when extracted in 80 o C water, 24 hours. From the above, it is understood that in many cases the extraction of berberine was carried out using the water as the extraction medium at high temperature. In the present research however, the extract has to be analyzed using GC-MS in which the liquid sample has to be easily vaporized immediately after the sample is injected into the GC port. Due to such experimental condition, methanol has been widely used for preparing the GC-MS samples. According to the compound information in Merck Index (Budavari et al., 1996) , berberine has good solubility in both hot water and hot alcohol while it is not soluble in cold alcohol. Therefore, the extraction medium selected for the present research is mainly methanol since it has been successfully used in some of the past studies (Ong et al., 2000) for extracting berberine, and it is the most often used solvent for successful GC-MS analysis. Extraction in water was also carried out to compare the result with that of methanol extraction. Consistent with the previous research on madder and turmeric, GC-MS was selected as the analytical tool since it has excellent sensitivity of separating compounds, and is capable of detecting relatively small degradation products.
III. Experimental 1. Materials
Dried heartwood of amur cork tree was purchased from the Korean traditional medicinal market. Berberine (CAS 633-65-8, Natural Yellow 18, sold as Berberine Chloride) was purchased from Sigma Aldrich (Milwaukee, WI, USA) ( Fig. 1(b) ). HPLC grade methanol was purchased from Acros Organics (NJ, USA). Deionized distilled water was used throughout the experiments. A 0.45µm glass fiber attached syringe filter (Alltech, Deerfield, IL) was used for filtering samples for GC-MS analysis. Waterbath shaker and hotplate were used for the extraction of dye from Amur Cork tree and their efficiencies were compared.
Methods

1) Extraction
The heartwood pieces of amur cork tree were thoroughly washed and dried, and ground in a mill (Thomas Scientific Model 3383-L10). A 0.1% berberine dye solution was prepared with HPLC methanol and used as the standard dye.
Waterbath extraction was carried out as follows. A 250ml Erlenmeyer flask was filled with 20g of powdered amur cork tree and 200ml methanol and covered using aluminum foil. The mixture was extracted in waterbath shaker first for 1 hour, 30 o C, 140rpm. This first extraction was intended as a presoaking step for eliminating extraneous matters from the plant. The first extraction was filtered using büchner funnel and glass fiber filter (Fisher Scientific), the liquor was saved. The flask was refilled with fresh methanol 200ml, extracted in the waterbath shaker for 18 hours, 50 o C, 140rpm. The extraction was filtered and the third and fourth extraction was carried out each with fresh 200ml and 150ml methanol consecutively for 18 hours, 50 o C, 140rpm. Hotplate extraction was carried out as follows. A 250ml Erlenmeyer flask was filled with 10g of powdered amur cork tree and 100ml methanol. The mixture was extracted in hotplate for 1 hour at 50 o C with constant shaking. The extraction was filtered and the procedure was repeated twice, each time with fresh 80ml methanol. Additional set of extraction was carried out to examine the effect of room temperature presoaking prior to hotplate extraction. The proce-dure was as follows. 10g of powdered amur cork tree was soaked in 100ml methanol at room temperature for 1 hour. The extraction was filtered and the flask was refilled with fresh 100ml methanol, the mixture extracted in hotplate for 1 hour.
Water extraction was carried out as follows using the hotplate. For the first extraction, 250ml Erlenmyer flask was filled with 15g of powdered amur cork tree and 150ml water and extracted on hotplate for 1 hour at 60 o C. After filtering the liquid with buchner funnel, the second extraction was carried out with fresh 140ml water under the above condition, filtered with buchner funnel. The first and the second extraction liquors were mixed, the water was evaporated to dryness in the rotavap, and the residue was dissoloved in 1ml of methanol for the GC-MS analysis. <Table 1> shows the extraction scheme and the sample labels which will be discussed throughout this research.
2) GC-MS Analysis
The GC-MS instrument used for the analysis was Hewlett-Packard 6890 Plus Series Gas Chromatograph coupled to the Agilent Technologies 5973N Mass Selective Detector system. Separation of compounds was carried out using the Hewlett-Packard 190915-433 capillary column (30m×250µm i.d., thickness 0.25µm). Front inlet was kept at splitless mode, column flow 13ml/min at initial temperature, and five different separation temperatures for the GC capillary column was utilized based on the previous works and the review of related literature on the separation of plant extracts (Ahn & Obendorf, 2003 , 2006 Candan et al., 2003; Tokusoglu et al., 2003) . The condition was as follows; initial temperature at mass spectrometer detector (MSD) was 310 o C, threshhold for the scan mode was 200, and five different scan ranges were used to test the effectiveness in the detection of berberine. The five GC-MS parameters tested are shown in <Table 2>. The compounds were identified using the library database provided in the GC-MSD software.
III. Results and Discussion
In the repeated GC-MS analyses of berberine standard using different instrumental parameters, Method 1 (Ahn & Obendorf, 2006) and Method 4 (Ahn & Obendorf, 2006 variation) resulted in the best separation capabilities. <Fig. 2> illustrates the chromatograms of berberine standard using Method 4 and Method 2 (Ahn & Obendorf, 2003) which were the best <Fig. Method 2 which was an adequate instrument parameter for separating the dye extracted from madder in the previous work resulted in an inadequate method. It is highly probable that the inadequacy was due to the fact that berberine have a higher molecular weight than alizarin which is the major chromophore of madder plant (berberine m.w.=336; alizarin m.w.= 240) since compound with higher molecular weight requires longer separation time in the GC column. On the other hand Method 3 which was used to separate plant oils (Candan et al., 2003) and Method 5 which was used to separate flavonoids from plant (Tokusoglu et al., 2003) had too much lag time while the temperature was not raised to enough level.
Berberine <Fig. 1> was not detected in any of the five GC parameters. Instead, in both Method 1 and Method 4 the gas chromatogram of berberine standard showed a strong peak in the 15.0 minute retention time (r.t.) range, which is consistent with dihydroberberine ( Fig. 2(a) ). The mass spectrum with m/z of 337, 336, and 338 matched well with that of dihydroberberine in the NIST MS library (Table 3) .
Along with berberine, dihydroberberine is used pharmaceutically as the medication source for diabetes. It is one among the several derivatives of berberine which has high bioavailability and is known to immediately metabolize to berberine when it enters the body as medication (Turner et al., 2008a) . Turner et al. (2008b) synthesized dihydroberberine from berberine (in the form of berberine chloride) by the addition of LiAlH4 in dry tetrahydrofuran and recrystallizing with a mixture of methanol and dichloromethane (Fig.  3) . Song et al. (2002) suggested a two successive one-electron reduction processes of C=N bond of berberine which resulted in the production of dihydroberberine <Fig. 4(a)>, and at the same time the possible oxidation reaction of berberine with free radical which results in the return to berberine from the free radical phase (Fig. 4(b) ). As the sample is injected into the GC port, the sample compound passes through the GC capillary column as it separates into smaller molecules. When the separated molecules reach the Ion Source at the start of the mass spectrometer (MS) the molecules collide with the electrons (Choi, 2005) . It is highly probable that berberine chloride made into the GC sample by dissolving in methanol interacted with the electrons in the Ion Source and thus resulted in the Retrieved from http://diabetes.diabetesjournals.org/content/vol0/issue2008/images/data/db07-1552/DC1/diabetes.doc production of dihydroberberine during the GC-MS analysis. Consistent peak resulted in the repeated analyses of berberine standard and therefore the peak of 15.0 min r.t. was selected as the fingerprint product of berberine for the analysis of the dye extracted from amur cork tree.
The gas chromatograms of the four series of extractions by waterbath are shown in <Fig. 5>. The figure clearly shows that the peaks at 15.0 min r.t. have dramatically increased in the 2nd (c) and 3rd (d) extraction samples when compared with the presoaked sample (a).
To examine the effectiveness of berberine detection in waterbath and hotplate extraction series, and in Method 1 and Method 4 GC-MS parameters, the relative abundance of dihydroberberine of peak 15.0 min r.t. in the GC-MS analysis of each extraction samples were compared and are shown in <Fig. 6>. Extraction by hotplate exhibited higher detection of dihydroberberine than the extraction by waterbath. Higher detection of dihydroberberine was observed in the 1st extraction sample by hotplate, either with or without the room temperature presoaking. However, the detection rate of dihydroberberine differed according to the method of GC-MS analysis. From <Fig. 6>, it can be observed that the highest detection of dihydroberberine resulted when the 1st extraction sample by hotplate-without room temperature pre- soaking-was analyzed by GC-MS Method 4 (Hp2-4). After the 1st extraction, the detection of dihydrobereberine dramatically decreased. The second highest detection of dihydroberberine was observed when amur cork tree was extracted by hotplate after the room temperature presoaking, and analyzed via Method 4 (Hp1-4). Additional extraction was carried out with water using the hotplate, and the mixed dye solution of the two consecutive extractions was analyzed by GC-MS. However, it was found that the detection of dihydroberberine was very low even with Method 4 of GC-MS analysis (Fig. 6 ).
V. Conclusions
The purpose of the current research was to find the most effective extraction procedure of Amur Cork tree and the suitable analytical method of gas chromatography mass spectrometry (GC-MS) which can together enable the affluent detection of berberine. Berberine was determined by the detection of dihydroberberine when analyzed by the GC-MS. It was suggested that hotplate was a better device for extracting amur cork tree than waterbath shaker either with or without presoaking in room temperature. For the effective detection of dihydroberberine, water was not an adequate extraction medium. The most effective GC-MS parameter was Method 4 and the condition was as follows. The initial temperature of GC capilllary column was at 50 
